Carbonized rice hulls (CRH) and carbonized corn cobs (CCC) obtained during the utilization of PHilMech designed biomass furnaces were used as raw materials in the production of fuel briquettes. Two types of briquetting machines were used in the experiments and cassava starch was applied as binding agent during the formulation of samples. The briquettes were evaluated in terms of their physical and thermal properties. Results showed that the average density of CRH briquettes produced in screw-type machine was higher than the briquettes produced in piston-type machine. This observation can be attributed to the higher pressure applied in the screw-type machine. However, the briquettes made from the piston-type machine were found to be more durable compared to the one produced in screw-type machine, which can be associated with the high concentration of binding agent as required when using the piston-type machine. The optimum formulation using piston-type briquetting machine is 10% binding agent for CRH and 12.5% for CCC. For screw-type briquetting machine, 2.25% binding agent is ideal for both CRH and CCC. The resulting energy values and combustion qualities of the briquettes produced from the carbonized based fuel briquettes were sufficient to produce the required heat for industrial application.
Introduction
One of the important concerns that the Philippines and other developing countries are facing nowadays is the capability to have an affordable, dependable, and renewable energy source. Historically, the Philippines has been heavily dependent on imported oil for its energy needs. With the rising costs of fossil fuel energy coupled with the increasing population of the country, the pressure of harvesting alternative fuel options grow bigger every day.
The Philippines, being an agricultural country, has 43.3 % total land area devoted to agricultural crops 2) . As a result, a large volume of agricultural residues and byproducts are generated annually but they are poorly utilized and badly managed since most of these wastes are left to decompose or they are burned, resulting in environmental pollution and degradation 7) . At PHilMech, biomass furnaces were developed and retrofitted to mechanical dryers as source of heat. The main objective of this project was to reduce the drying cost using mechanical dryers and to increase utilization of these types of dryers. Considering the potential economic benefits on this project, the Department Agriculture, through its FIELDS (fertilizer, irrigation and infrastructure, extension and education, loans and insurance, dryer and other postharvest facilities and seeds) program, led to intensify the utilization of biomass furnaces for mechanical dryers.
However, the by-products derived during the utilization of the biomass furnace e.g. carbonized rice hull (CRH) or carbonized corn cobs (CCC) are now becoming a secondary waste problem due to their continuous accumulation within the drying area, which also creates pollution in the locality.
One viable solution to this problem is to manage these carbonized materials by converting them into densified form or briquette. Briquetting is the process of converting low bulk density biomass into high density and energy concentrated fuel briquettes. Charcoal briquettes are good alternative sources of fuel. It can easily be ignited to produce heat or convert heat into fuel for domestic and industrial uses.
The general objective of the study is to determine the potential of carbonized materials derived from biomass furnaces as fuel briquettes. Specifically, it aims to: characterize the chemical properties of carbonized biomassbased fuel briquettes; determine the effect of sources of biomass by-product and binder proportions on the physical and thermal properties of fuel briquettes, and establish the optimum physical properties of the fuel briquettes. 
Production of briquettes
The production of briquettes was conducted using piston-type (Fig. 1) and screw-type (Fig. 2) briquetting machines. For the Piston-type, the biomass was punched into a die by a reciprocating ram with a very high pressure thereby compressing the mass to obtain a compacted product.
While in the screw-type we used grooved barrels low-shear and high compression to enhance the mixing process. The rotating screw takes the material from the feed port, through the barrel, and compacted against a tapered die. The densified material was forced into intimate and substantially sliding contact with the barrel walls. Then it was forced through the extrusion die, where the briquette with shape was formed. Before reaching the compression zone the biomass gets partially compressed. The briquette that continuously comes out from the barrel was cut to a desired length using a slicer fixed at the end of the barrel.
The extruder-type briquetting machine is more appropriate in producing low-viscosity materials which prevents from clogging. A mechanical mixer and hammer mill were used to ensure the homogenous mixing of binder and carbonized materials.
Commercially available cassava starch was used as binder. This material is much cheaper than other binding agents, and it can easily be found in the local market.
Another advantage of cassava starch is its excellent thickening characteristics. The binder ratio applied was based on the existing formulations used by the briquette producers. The Piston-type briquetting machine owner who type owner produced briquettes from water lily used two liters of water and 35 g of starch. Preliminary trial was conducted using a lower and higher amount of starch but the briquettes produced were weak, and the briquetting operation was erratic. Based from these preliminary results, the following percentage concentrations of binding agent were considered: 7.5 %, 10 % and 12.5 % for piston-type and 1.75 %, 2.00 % and 2.25 % for screw-type briquetting machine.
Physical properties of briquette
The physical properties such as density, shatter resistance, abrasive resistance and compression strength were evaluated and analyzed.
Bulk density
The bulk density of the produced fuel briquettes was determined by measuring the volume and weight of five (5) samples. Weighing was performed using the analytical balance (OHAUS) and the dimensions were measured using a vernier caliper. The density was calculated by determining the ratio of mass and volume of the material.
Shatter resistance
The shatter resistance was used to determine the 
Energy density
Clarke (2011) .
Compaction or densification is one way to increase the energy density.
Thermal efficiency
The thermal efficiency is otherwise known as percentage heat utilized or energy. This was measured using the water boiling test as described by Rathore (2008) 14) .
The volume of the kettle was measured and filled by 2/3 of water. The kettle with cover was placed on top of the charcoal stove. A thermometer was fixed in central part of kettle. 500 g of briquettes were measured for testing.
The ambient temperature and initial temperature of water in the kettle were measured. Final temperature of water after boiling was observed. The water was heated until the briquettes were used up, then the kettle cover was removed and evaporation was continued for 20 minutes. Afterwards, 
Statistical analysis
The data gathered was analyzed using 4 x 3 factorials in completely randomized design (CRD) for carbonized rice hull based fuel briquettes and simple for CRD for carbonized corn cobs based fuel briquettes.
ANOVA reported that briquette with moisture content of 4 % or lower become fragile due to expansion caused by moisture absorption.
Bulk density
The average bulk density of carbonized rice hull briquettes produced in screw-type was higher than pistontype (Tables 1 and 2 ), this could be due to the amount of pressure applied.
On the other hand, the bulk density of carbonized corn cob briquettes was higher than carbonized ricehull, Fig. 4 The carbonized-based fuel briquettes this could be due to its particle size and pores space.
Carbonized corn cob was ground using a hammer mill to pass 3.20 mm sieve and was pulverized further during mixing and making it finer. The fine particles make compaction process easier, provide less pore spaces and more mass of the material per given volume 11)
. In addition, Tumuluru and co-workers (2010) also reported that smaller particle size produces denser products . Moreover, adding more binder leads to increased briquette density as observed using screw type briquetting machine for carbonized corn cobs. The briquette density value was influenced not only by material composition and binding agent ratio but also by the type of briquetting machine used.
Impact resistance
The highest % impact resistance obtained of CRH .
Abrasive Resistance
The highest percent abrasive resistance was obtained in piston-type briquetting machine both for the carbonized rice hull or corn cobs fuel briquettes (Tables 5 and 6 ). The high amount of binding agent in the formulation increased the abrasive resistance of the produced briquette.
The analysis of variance revealed significant differences (p <0.05) on the sources of carbonized material and percentage composition of binding agent. This can be associated to the characteristics of by-product produced of furnaces. It was observed the F1 furnace produced finer CRH compared to other furnaces because of the continuous burning after discharging its by-product. Moreover, carbonized corn cob was pulverized by means of a hammer mill. Shaw (2008) reported that in densification, milling the material will provide a larger surface area for bonding since this will increase the porosity of the bulk material 15)
.
Compression test
The compressive test was a criterion of briquette durability. The highest breaking load (1.02 kN) was obtained in briquettes with highest proportion of binding agent and made using piston-type (Tables 7 and 8 
Thermal Efficiency
The fuel briquettes produced from carbonized corn cobs can boil water in 9 minutes and did not produced 
Conclusions
The highest density, percent shatter resistance, percent abrasive resistance and compression strength of CRH and CCC based fuel briquettes using piston type and screw type briquetting machine were 0.58 g/cc and 0.76 g/ Carbonized corn cobs and CRH blended with other biomass obtained higher energy density than rice hull and corn cobs.
Based on the foregoing results, the following conclusions can be drawn:
• The optimum formulation using piston-type briquetting machine is 10 % binding agent for carbonized ricehull and 12.5 % for carbonized corn cob. For screw-type briquetting machine, 2.25 % binding agent is ideal for both CRH and CCC.
• The carbonized materials derived from PHilMech biomass furnaces can be utilized to produce high quality briquette with high durability rating and heating value.
• The energy values and combustion qualities of the briquettes produced in this study are sufficient enough to produce the required heat for domestic cooking and also for industrial application.
